Direct or intra-arterial measurement of blood pressure is an invasive technique and presents difficulties of interpretation, but it is used as the reference standard when different techniques are compared. 1 It monitors blood pressure immediately and continuously.
Being non-invasive, automatic blood pressure monitors based on 0scillometry are thought to be relatively safe and have gained in popularity. [2] [3] [4] [5] [6] [7] This led us to compare oseillometric with direct blood pressure monitoring at different levels of blood pressure, including hypotension. Oscillomerry is known to underestimate at hypertensive readings, ~-9 when compared with direct radial pressure, but to our knowledge has not undergone evaluation during deliberate hypotension, except by Gloyna et al. to
Methods
Twenty-one consecutive patients (13 males, eight females) of ASA physical status class 1 and 2 scheduled for surgery under general anaesthesia, with medical indication for deliberate hypotension were studied. None was obese, hypertensive or suffering from cardiac disease and cardiac dysrythmia. The mean age was 36.5 years. Maintenance of anaesthesia and induction of hypotension were achieved with isoflurane (15 cases) or influrane (six eases). N20 was used in all cases. After induction of anaesthesia, the site of arterial cannulation (left or right radial) was determined according to a random number table. An adult size blood pressure cuff (13 cm width) was placed on the opposite arm.
The tween these two successive readings was found to be more than ten per cent during the subsequent analysis of recordings, that set of measurements was discarded. The average of the two direct blood pressures was used for comparison with the corresponding oscillometer reading.
For every patient and for each predetermined blood pressure range, we chose to keep two sets of measurements for further analysis. The two sets of measurements were selected according to a random number table, amongst the three to five sets of data remaining per range. This was to standardize, for statistical purpose in a linear regression relationship, the sets of data in the six predetermined ranges of blood pressure.
Primary, regression analysis was done for each patient in order to establish the best fit curves (method of least square). Secondly, for each type of blood pressure (systolic, diastolic, mean), the mean difference between the two techniques was plotted against the six levels of pre-selected mean intravascular blood pressures and evaluated by six separate analyses and an overall regression analysis. A two-way analysis of variance of the overall results for each type of blood pressure was also performed.
Results
Linear regression was found to produce the best fitting curve in all the data sets (analysis of variance). Table I shows the correlation coefficients thus obtained and the slope of the regression equation for each individual. Figure 1 represents characteristic data obtained for systolic, diastolic and mean blood pressures readings for typical individuals.
The results show that for each subject, the correlation between direct and indirect technique is excellent. The overall correlation is slightly better for the systolic and mean blood pressure than for the diastolic pressure (systolic: r = 0.94; diastolic: r = 0.88; mean: r = 0.93). Slopes less than one demonstrate that each change (decrease of increase) of blood pressure recorded with direct measurement is accompanied by a change of lesser magnitude when the indirect method is used. It must also be noted that there was important variability between individuals (Table I) .
The differences between the technique in each range of pre-selected mean blood pressures and corresponding systolic, mean and diastolic blood Figure 1 .
pressures at the time of the pre-selected mean blood pressures are shown in Table H (Table II) is in the order of -+0.93 KPa (7 mmHg) for mean and diastolic pressures. For systolic pressures, the variation is of the same order for low values but widens with the increase in systolic pressure (+ 1.59 KPa (12 mmHg)) at 18.62 KPa (140 mmHg). For all ranges and modalities of blood pressure (systolic, mean and diastolic), there is a threshold value of approximately 10.64KPa (80 mmHg) below which overestimation and above which underestimation by oscillometry are the rule.
The two-way analysis of variance of the overall results for each type of blood pressures confirmed the conclusion reached by simple level by level analysis.
Discussion
The most obvious conclusion of the present study is that a threshold value of approximately 10.64 KPa (80mmHg) exists above which the osillometric monitor has a tendency to underestimate blood pressure and below which it overestimates pressure. This result was obtained by the systematic study of values in six pre-selected ranges of mean intra-arterial pressures with a level by level analysis, unlike other studies. Our study also shows the linearity of the relation between both techniques and a more precise estimation of variability amongst subjects. The other results are comparable to those already published. 2'6"7'9:~ Yerderman and Ream 2 reported, with a 95 per cent confidence interval, a variation of direct reading of 18.62KPa (140mmHg). Van Bergen also reported, similar to our observations, that the relative error is greater for the diastolic pressure. Gavlee et al. 4 and Johnson et al. 7 reported a large variability between the two techniques and correlation coefficients less than ours. A possible explanation could be the smaller number of observations recorded and the lack of homogeneity for the distribution of values between pressure ranges. In the only other study of oscillometry during deliberate hypotension, Gloyna et al. lO also found that oscillometry overestimated blood pressure during hypotension. Their correlation coefficients between invasive and oscillometrie pressures were good but a large variability among individual subjects was also found. In that study, only the hypotensive range was studied and this precludes information concerning any transition point or threshold value.
What could be the cause of these differences between techniques and this variability? Borow and Newberg 5 partly answer this question. In a study of 30 patients comparing Dinamap| and central aortic pressure, they found correlations slightly better than ours, with slopes close to 1 (r = 0.98, b = 1.12 for systolic blood pressure; r = 0.89, b = 1.06 for mean pressure; r = 0.96, b = 0.97 for diastolic pressure). Rowell et al. 13 demonstrated the importance of vasomotor tone for the amplification of blood pressure in the periphery of the arterial tree. Important differences were noted between simultaneous central and peripheral blood pressure (e.g. central systolic pressure of 10.48 KPa (154 mmHg) vs. radial systolic pressure of 31.12KPa (236 mmHg). Hyperemia in the ann used for monitoring blood pressure was also shown to abolish this peripheral amplification. These data and others 5,8't3't4 support the conclusion that the arterial tree, because of its own dynamic characteristics, transmits blood pressure in a rather imprecise manner. If we accept that oscillometry using the arm gives a better correlation with aortic pressure than does the direct measurement of peripheral radial arterial blood pressure, the difference between the two techniques could be explained by the static characteristics and the vasoactive state of the aortoradial segments.
Isoflurane and enflurane were used in our study to induce hypotension and they are potent vasodila- tors. These agents might decrease the difference between peripherally and centrally measured arterial pressures. The difference would be larger in hypovolemie shock. Another potential source of variation between subjects could be the width of the cuff used to measure blood pressure by oscillometry. Geddes 12 has suggested that the use of a cuff width equivalent to a third to a half of the arm circumference should not produce an error of more than +--0.66KPa (5 mmHg). Thus this factor could not alone explain the variations between individuals in this study.
In view of the fact that we used both arms in an attempt to have simultaneous readings, and took two direct blood pressure values enclosing the oscillometer readings, the oscillometer values and the direct values could have been obtained from different pulses. This could be one source of variation between the two techniques.
In summary, we found a threshold value of about 10.64kPa (80mmHg) below which the indirect technique overestimates values and above which it underestimates them when compared with the direct method. However, brachial oscillometry could reflect more accurately central aortic pressures than direct, intra-arterial radial pressures.
